hest pain suggestive of myocardial infarction is a leading cause of presentation to the emergency department worldwide. 1 In addition to the electrocardiogram and clinical symptoms, the serial measurement of cardiac troponin is key in ruling out or diagnosing myocardial infarction. [2] [3] [4] [5] [6] [7] With the development of high-sensitivity troponin assays, rapid triage algorithms have been created to apply these tests safely in clinical practice. 6, [8] [9] [10] [11] [12] [13] [14] However, some challenges remain. First, with high-sensitivity troponin tests it is difficult to differentiate between patients who present to the emergency department with acute myocardial infarction and those who have other causes of myocardial injury. 15 Second, although it is generally accepted that the initial blood sample for troponin measurement should be obtained immediately on presentation, the appropriate timing of obtaining the second blood sample is a matter of debate, and recommendations vary between 1 hour and 6 hours. 2, 4, 9, 11, 13, 16 Third, the long-term prognosis in patients who do not have myocardial infarction but who have persistently elevated high-sensitivity troponin concentrations remains unclear. Comparing outcomes in such patients with those in the general population may increase the understanding of individual risk. 17 We therefore sought to develop a tool integrating high-sensitivity troponin concentration at emergency department presentation, the dynamic change in concentration during serial sampling, and the time between the obtaining of samples in order to provide a flexible method to determine the probability of myocardial infarction and 30-day outcomes. We also sought to use the data regarding high-sensitivity troponin concentrations that had been obtained at emergency department presentation to estimate long-term risk among patients in whom myocardial infarction had been ruled out.
Me thods

Study Design
The Calculation of Myocardial Infarction Risk Probabilities to Manage Patients with Suspicion of Myocardial Infarction (COMPASS-MI) project used individual patient-level data from 15 international cohorts of patients who had suspected myocardial infarction in order to calculate risk probabilities for myocardial infarction with the use of high-sensitivity troponin measurements made at the time of emergency department presentation and, in conjunction with data from 11 population-based cohorts, to estimate long-term risk. The high-sensitivity troponin I and highsensitivity troponin T assays were partly donated by Roche and Abbott, which had no role in the design of the study, the analysis of the data, the preparation of the manuscript, or the decision to submit the manuscript for publication. The authors vouch for the accuracy and completeness of the data and all analyses and for the fidelity of the study to the protocol, which is available with the full text of this article at NEJM.org. The Standards for Reporting of Diagnostic Accuracy (STARD) checklist for this study is provided in Table S1 in Supplementary Appendix 1, available at NEJM.org.
Study Population with Suspected Acute Myocardial Infarction
Patients who presented to the emergency department with acute symptoms suggestive of myocardial infarction were considered the acute study population. For this population, individual patientlevel data from 15 studies prospectively enrolling 23,327 patients who presented to the emergency department with suspected myocardial infarction were combined into one data set. Most of the individual studies have been described previously 5, [9] [10] [11] 14, [18] [19] [20] [21] ; a detailed description of each study is provided in Supplementary Appendix 1. Patients 18 years of age or older were recruited in 13 countries in three geographic regions (Europe, North America, and Australasia). All the participating studies were approved by local ethics committees and complied with the principles of the Declaration of Helsinki.
Patients with ST-segment elevation myocardial infarction were excluded from this study. [Study for Evaluation of Newly Onset Chest Pain and Rapid Diagnosis of Myocardial Necrosis]) were used as the derivation data set, and the results were validated in the remaining 13,047 patients.
Concentrations of high-sensitivity troponin I (Architect platform, Abbott) and high-sensitivity troponin T (Elecsys platform, Roche) were measured as part of routine clinical care or in batches of samples that had been frozen at −80°C. Detailed times at which blood samples were obtained were documented, and the time frame between the first sample at emergency department presentation and serial resampling was grouped into two categories: early resampling (>45 to 120 minutes) and late resampling (>120 to 210 minutes). The diagnosis of myocardial infarction that was originally assigned to each study patient in each cohort was used as the basis for assigning the diagnosis for our study (that is, the diagnosis was not reassessed as part of our analysis). Additional information regarding the troponin assays and the diagnosis of myocardial infarction in the acute study population is provided in Supplementary Appendix 1.
Evaluation of Diagnostic Performance in the Acute Study Population
To identify the patients at either low or high risk for myocardial infarction, we selected a range of cutoff concentrations of high-sensitivity troponin at presentation (C1, measured in nanograms per liter) and a range of absolute changes (increase or decrease) in the concentrations of highsensitivity troponin on serial sampling (C2, measured in nanograms per liter). The selected cutoff concentrations were chosen to represent a wide range of diagnostic performances. 9, 11, 12, 14, 22 To identify patients at low risk for myocardial infarction, the negative predictive value and the sensitivity for myocardial infarction, as well as the proportion of patients with troponin levels below the selected cutoff level, were calculated. A patient was deemed to be at low risk when both C1 and C2 were below the selected cutoff concentrations. To identify patients at high risk for myocardial infarction, the positive predictive value and the specificity for myocardial infarction, as well as the proportion of patients with troponin levels greater than or equal to the selected cutoff concentration, were calculated. A pa-tient was deemed to be at high risk when either C1 or C2 was greater than or equal to the selected cutoff concentration. All the analyses were performed separately for patients with early or late resampling and for those with available data for high-sensitivity troponin I or high-sensitivity troponin T.
Follow-up and Clinical End Points
In the acute study population data set, all the patients were followed for at least 1 month to assess death from any cause (except in the High-STEACS study, in which death from cardiac causes only was recorded) or myocardial infarction. In the APACE, BACC, Heidelberg, ProsPECTUS (Prospektive Kohortenstudie zur Evaluation der Diagnostik und der therapeutischen Strategien in der Chest Pain Unit), and stenoCardia studies, patients were followed for 2 years. The shortterm prognostic end point was the composite of subsequent myocardial infarction (excluding the index event) or death from any cause at 30 days. The long-term prognostic end point was the composite of subsequent myocardial infarction (excluding the index event) or death from any cause assessed at 1 year and 2 years.
General Population Studies
To provide estimates of long-term outcomes in patients in whom myocardial infarction was ruled out and to compare these outcomes with those in the general population, we used data from the population-based Biomarker for Cardiovascular Risk Assessment in Europe (BiomarCaRE) study, which has been described previously. 17, 23 A total of 11 cohorts from eight countries were included in the investigation, with a maximum follow-up of 28 years. Details of the included studies are provided in Supplementary Appendix 1. Follow-up data from these studies were used to estimate the incidence of myocardial infarction or death from any cause in the general population at 1 year and 2 years.
For the general population studies, the concentration of high-sensitivity troponin I was centrally measured in batched, stored samples by the Abbott Architect assay. Owing to the low percentage of young and healthy persons with detectable concentrations, high-sensitivity troponin T was not measured in persons in the general population.
For the long-term risk assessment, we compared the association of single concentrations of highsensitivity troponin with the incidence of myocardial infarction or death among patients in the acute study population who did not have myocardial infarction and among persons in the general population after detailed matching, in a 1:1 ratio, of the two data sets according to age, sex, presence or absence of hypertension, presence or absence of diabetes, smoking status, and presence or absence of dyslipidemia. Details of the risk prediction and the methods for matching are provided in Supplementary Appendix 1.
Statistical Analysis
The characteristics of the patients were described according to quartiles for continuous variables and according to absolute and relative frequencies for binary variables. For the evaluation of diagnostic performance, the negative predictive value, sensitivity, positive predictive value, and specificity were calculated for multiple combinations of initial troponin concentrations and serial changes in troponin concentrations (C1 and C2, as described above). To examine the generalizability of our findings, the diagnostic performance of these combinations was assessed in a derivation data set and confirmed in a validation data set. For prognostic evaluation, the probabilities of myocardial infarction or death during follow-up were estimated for various concentrations of high-sensitivity troponin with the use of Cox regression analyses. No adjustment for multiple testing was performed. All statistical methods were implemented in R statistical software, version 3.5.0. Details of the statistical methods are provided in Supplementary Appendix 1.
R esult s
Study Population with Suspected Myocardial Infarction
Overall, 22,651 patients with suspected myocardial infarction in the acute study population were enrolled for the present analysis, after the exclusion of 676 patients with ST-segment elevation myocardial infarction ( Fig. S1 in Supplementary Appendix 1). Evaluation of diagnostic performance was performed in 9604 patients and validated in 13,047 patients. The characteristics of the patients at baseline are presented in Table 1 for all patients, and in Table S2 in Supplementary Appendix 1 for each contributing study separately. The final diagnosis of myocardial infarction was adjudicated in 3455 of 22,651 patients (15.3%). Results of early serial sampling (>45 to 120 minutes) of high-sensitivity troponin I and high-sensitivity troponin T were available in 7833 and 9562 patients, respectively; and the results of late serial sampling (>120 to 210 minutes) in 9905 and 10,950 patients, respectively (Table  S3 in Supplementary Appendix 1). Information about the diagnostic accuracy of the high-sensitivity troponin tests, as well as assessments of data validation, error, and calibration, are provided in Table S4 and Figures S2 through S10 in Supplementary Appendix 1.
Patients at Low Risk for Myocardial Infarction
Patients at low risk for myocardial infarction were likely to have very low concentrations of high-sensitivity troponin I or high-sensitivity troponin T at presentation and small absolute changes on serial sampling, resulting in a high negative predictive value for myocardial infarction (for detailed data, see Supplementary Appendix 2, available at NEJM.org). In addition, these patients were at very low risk for myocardial infarction or death from any cause at 30 days. With increasing concentrations of high-sensitivity troponin I or high-sensitivity troponin T at presentation and increasing absolute changes, the negative predictive value steadily decreased, while the overall proportion of patients who were classified as being at low risk increased.
For data presentation, low-risk patients were grouped according to negative predictive value categories of 100 to 99.5%, 99.4 to 99.0%, 98.9 to 98.0%, and 97.9 to 97.0%. Combinations of the high-sensitivity troponin cutoff concentrations were used to assign patients to each of these four categories and to show a wide range of diagnostic performance ( Fig. 1 ). For example, if an institution uses a high-sensitivity troponin I concentration of less than 6 ng per liter at presentation to the emergency department and an absolute change of less than 4 ng per liter after 45 to 120 minutes to identify patients at low risk for myocardial infarction, the negative predictive value for myocardial infarction would be 99.5% 
Patients at High Risk for Myocardial Infarction
Patients at high risk for myocardial infarction were likely to have higher concentrations of high-sensitivity troponin I or high-sensitivity troponin T at presentation to the emergency department or a larger absolute change during serial sampling than those at low risk (see Supplementary Appendix 2). In addition, these patients were at higher risk for myocardial infarction or death from any cause at 30 days than were patients in the low-risk category. With decreasing concentrations of high-sensitivity troponin I or highsensitivity troponin T at presentation or decreasing absolute changes, the positive predictive value was reduced, while the proportion of patients classified as being at high risk increased.
For data presentation, high-risk patients were grouped according to positive predictive value categories of 80.0% or higher, 79.9 to 75.0%, 74.9 to 70.0%, and 69.9 to 65.0%. Combinations of the high-sensitivity troponin cutoff concentrations were used to assign patients to each of these four categories and to show a wide range of diagnostic performance (Fig. 2) . For example, in a patient with a high-sensitivity troponin T concentration of at least 100 ng per liter at presentation or an absolute change of at least 12 ng per liter in the window of more than 120 minutes to 210 minutes, the positive predictive value for myocardial infarction would be 76.5% (95% CI, 74.4 to 78.6) with an associated 30-day risk of subsequent myocardial infarction or death of 4.8% (95% CI, 3.7 to 6.0); a total of 14.7% (95% CI, 14.1 to 15.4) of the patients in the acute study population would be classified as being at high risk.
Interactive Risk-Assessment Tool
An interactive risk calculator for the application of individual combinations of the high-sensitivity troponin cutoff concentrations is provided in Supplementary Appendix 3 (available at NEJM.org) and at www . compass -mi . com. This calculator allows for the classification of patients into lowrisk and high-risk categories.
Prognosis in Persons without Myocardial Infarction
To explore high-sensitivity troponin concentrations as a risk-prediction marker in patients in whom myocardial infarction had been ruled out, we matched 8345 patients in the acute study population data set with 71,150 persons in the general population data set. (The baseline characteristics of the persons from the general population studies are shown in Table S5 in Supplementary Appendix 1.) We identified 7682 matched pairs ( Table 2, and Table S6 in Supplementary  Appendix 1) . In the matched acute study population, the median follow-up time was 730 days. In both the acute study population and the population-based cohort, high-sensitivity troponin concentrations were strongly associated with myocardial infarction or death after 1 year and 2 years ( Fig. 3, and Table S7 in Supplementary Appendix 1). For example, patients presenting with acute chest pain to the emergency department who were found not to have myocardial infarction and who had a high-sensitivity troponin I concentration of more than 10 to 14 ng per liter had a risk of death or myocardial infarction of 4.8% at 1 year and 8.1% at 2 years, as compared with 1.4% and 3.4%, respectively, among persons in the general population.
Discussion
Using data from more than 22,000 patients with suspected acute myocardial infarction from 13 countries, we derived and validated a risk-assessment tool to assign patients to categories of low or high risk for the diagnosis of myocardial infarction and for subsequent myocardial infarction or death at 30 days. Risk assignment was based on high-sensitivity troponin concentrations, their dynamics, and the timing of serial resampling. Furthermore, we provided an estimate of longterm risk that was based on high-sensitivity troponin concentrations in patients presenting with acute symptoms who did not receive a To use these diagrams, select the figure panel corresponding to the high-sensitivity troponin assay used (troponin I or troponin T) and determine whether the second blood sample for troponin measurement was obtained early after the first sample (>45 to 120 minutes) or late (>120 to 210 minutes). Then select the cutoff concentration for the initial high-sensitivity troponin measurement (time 0; values in nanograms per liter) from the innermost circle of the figure panel, and the cutoff concentration for the change (increase or decrease; values in nanograms per liter) in high-sensitivity troponin on resampling from the second circle. The third circle shows the efficacy of this troponin combination (the proportion of patients who will be designated to have high risk if either value is greater than or equal to the cutoff). The fourth circle shows the 30-day risk of MI or death (excluding the index event) with this troponin combination. The outermost circle shows the positive predictive value (PPV) of this troponin combination for myocardial infarction. All calculations were based on the overall data set including patients with suspected MI and were not adjusted for multiple testing. For simplicity, the values shown in this figure are presented without 95% confidence intervals. Full lists of data according to each increment of high-sensitivity troponin I or high-sensitivity troponin T together with 95% confidence intervals are provided in Supplementary Appendix 2. An interactive risk calculator is provided in Supplementary Appendix 3 and at www . compass -mi . com. diagnosis of myocardial infarction, and we compared these results with those in the general population.
The development of high-sensitivity troponin assays allows for the identification of smallscale myocardial injuries, thus improving the detection of even small myocardial infarctions. 5, 6 However, owing to the higher analytic sensitivity of these assays, clinical management decisions have become more challenging. Consequently, algorithms have been developed to triage patients with suspected myocardial infarction efficiently. These algorithms have inflexible rules for the timing of troponin resampling and cutoff levels for the diagnosis of myocardial infarction. In contrast, the COMPASS-MI approach provides risk probabilities for myocardial infarction using a wide range of cutoff combinations of high-sensitivity troponin I or T concentrations, as well as thresholds that are based on either early or late serial sampling. The assignment of patients to the low-risk category may allow for the discharge of patients after other life-threatening causes of chest pain have been ruled out.
Patients assigned to the high-risk category have a high prevalence of myocardial infarction and a high risk of death. Therefore, the majority of these patients are candidates for early invasive strategies. It would be important for all the remaining patients (those fulfilling neither the low-risk nor high-risk criteria) to undergo detailed clinical evaluation, monitoring, further diagnostic testing, and invasive strategies as appropriate.
Previous studies have shown a strong association of high-sensitivity troponin concentrations and cardiovascular risk among patients with acute coronary syndrome and in the general population. 17, 24 However, considerable uncertainty exists with respect to patients presenting to the emergency department with persistently high but nondynamic concentrations of high-sensitivity troponin who do not receive a diagnosis of myocardial infarction. To estimate risk among such persons, we compared the incidence of myocardial infarction or death in the acute study population of patients in whom myocardial infarction had been ruled out with the incidence in the matched general population. In both populations, high-sensitivity troponin concentrations were strongly associated with risk of subsequent myocardial infarction or death. These data suggest that the concentration of high-sensitivity troponin may be useful as a risk-prediction biomarker as well as a diagnostic test. Some limitations of the study merit consideration. The diagnosis of myocardial infarction, which was based on adjudication within each cohort, did not involve a harmonized standard operating procedure. In addition, our analyses included study populations that had different pretest probabilities of myocardial infarction. This might lead to overestimation or underestimation of diagnostic probabilities in different scenarios. A large percentage of the final diagnosis adjudications within the individual studies was performed with the use of the high-sensitivity troponin T data. Consequently, the risk-probability calculation that was based on the high-sensitivity troponin T data might be slightly skewed in favor of the test. High-sensitivity troponin I concentrations that were determined in the general population were measured in samples that had been stored for up to two decades, which might have affected long-term stability. However, earlier studies showed high stability even after long-term storage. 25, 26 In conclusion, in the COMPASS-MI project, we developed a tool that integrated the highsensitivity troponin I or troponin T concentration at presentation, its dynamic change during serial sampling, and the time between the obtaining of samples to allow for the estimation of both the probability of myocardial infarction on emergency department presentation and 30-day outcomes. We also provided estimates of longterm risk on the basis of the initial concentration of high-sensitivity troponin at presentation among patients in whom myocardial infarction was ruled out. Shown is the estimated risk of death or MI within 1 or 2 years among patients who presented to the emergency department with symptoms suggestive of acute MI in whom MI was ruled out. Data are shown for increasing concentrations (measured in nanograms per liter) of high-sensitivity troponin I (Panel A) and high-sensitivity troponin T (Panel B). In Panel B, comparison is made between patients in the acute study population and persons from the general population; patients were matched for age, sex, presence or absence of hypertension, presence or absence of diabetes, smoking status, and presence or absence of dyslipidemia. Owing to the low rate of detectable concentrations in young and healthy persons, high-sensitivity troponin T was not measured in the general population. No adjustment for multiple testing was performed. For simplicity, these risk estimates are presented without 95% confidence intervals. Full lists of data with 95% confidence intervals are provided in Table S7 
